Palmul-tang, a traditional herbal medicine, is composed of eight herbs (Ginseng radix, Glycyrrhizae radix, Hoelen, Atractylodis rhizoma, Angelicae gigantis radix, Cnidii rhizoma, Paeoniae radix and Rehmanniae radix) and exhibits various bioactivities, including antiallergic and antitumor effects. In this study, an effective, reliable and accurate high-performance liquid chromatography method has been developed for the simultaneous determination of 11 marker components in Palmul-tang: hydroxymethylfurfural, albiflorin, paeoniflorin, ferulic acid, nodakenin, ginsenoside Rg1, decursinol, glycyrrhizin, 6-gingerol, ginsenoside Rg3 and decursin. All calibration curves of the 11 components indicated excellent linearity (correlation coefficient > 0.9997) within the test range. The limits of detection and quantification of each component were in the ranges of 0.08-1.03 and 0.23-3.11 mg/mL, respectively. The intra-day and inter-day relative standard deviation values were within 1.65 and 2.71%, respectively. The mean recovery values were 94.49 to 101.10%. The established method was successfully applied to the simultaneous determination of 11 major components in 12 commercial samples of Palmul-tang. The developed analytical method is simple and suitable for the quality control of Palmul-tang.
Introduction
The earliest evidence of the human use of plants for healing dates back to the Neanderthal period. Herbal medicine practices flourished until the 17th century, when more scientific pharmacological medicines were favored (1 -2) . Traditional herbal medicines have been used for thousands of years in many Asian countries, such as China, Korea and Japan (3) . Above all, traditional Chinese medicine remains the most ancient, yet still in use. Particular attention has been focused on the efficacy and safety of these herbal drugs. Increased side effects, lack of healing treatment for several chronic diseases, the expenses of new drugs, microbial resistance and emerging diseases are some reasons for renewed public interest in complementary and alternative medicines (4) .
Palmul-tang is a traditional herbal medicine that contains eight herbs: Ginseng radix, Glycyrrhizae radix, Hoelen, Atractylodis rhizoma, Angelicae gigantis radix, Cnidii rhizoma, Paeoniae radix and Rehmanniae radix. Previous studies reported that Palmul-tang exhibits various bioactivities, including antiallergic, antiinflammatory, antioxidative and antitumor effects. The remedy is particularly valuable for the treatment of conditions such as dizziness and pale or sallow complexions (5) (6) (7) (8) . The most generally used quality control practice of traditional herbal medicine is to select some of the active or marker components in an herb for confirmation and quantification. Chromatographic methods are greatly recommended for developing the fingerprints of traditional herbal medicines and their preparations. Increasing interest in high-performance liquid chromatography (HPLC) fingerprint analysis can be observed, not only in China, but in other countries all over the world (9) (10) (11) . HPLC has been widely used for the sensitive quantitative analysis of herbal medicines. Presently, the study of the chemical components in Palmul-tang has primarily been based in identifying chemical elements, whereas there are only sparse data for the comprehensive investigation of the constituents of Palmul-tang.
Thus, the development of effective, rapid and accurate simultaneous quantification is needed for the quality control of Palmul-tang. The present study had the aim of developing a simple and reliable validated HPLC coupled with diode array detection (DAD) and liquid chromatography -tandem mass spectrometry (LC -MS-MS) for the simultaneous determination of 11 major components [hydroxymethylfurfural (5-HMF), albiflorin, paeoniflorin, ferulic acid, nodakenin, ginsenoside Rg1, decursinol, glycyrrhizin, 6-gingerol, ginsenoside Rg3 and decursin] in Palmul-tang. The chemical structures of the 11 components are shown in Figure 1 . The quantification of 11 major components was conducted with the HPLC-DAD method and the identification of 11 major components was performed by LC-electrospray ionization (ESI)-MS analysis.
Experimental

Materials and chemicals
Water, acetonitrile (ACN) and methanol (MeOH) for the mobile phases were HPLC grade reagents from J.T. Baker (Deventer, Netherlands). Trifluoroacetic acid (TFA) used in the mobile phases was analytical reagent grade and obtained from Dae Jung (Busan, Korea). The reference standards, albiflorin, nodakenin, paeoniflorin, glycyrrihizin, 6-gingerol, decursin and ginsenoside Rg1, were obtained from the Korea Food and Drug Administration; 5-HMF and ferulic acid were purchased from Sigma (St. Louis, MO); ginsenoside Rg3 was purchased from Chromadex (Aurora, OH); decursinol was purchased from Elcomscience (Seoul, Korea). The purity levels were shown to be higher than 98.0% by HPLC. Palmul-tang samples were provided by the Korea Institute of Oriental Medicine.
Preparation of standard solution
Each accurately weighed standard was dissolved in MeOH and a mixed methanolic stock solution of standards was prepared. The stock solutions were prepared with concentrations of 400 mg/mL for ginsenoside Rg1, 250 mg/mL for ginsenoside Rg3, 112 mg/mL for decursin, 210 mg/mL for decursinol, 240 mg/mL for paeoniflorin, 487.5 mg/mL for glycyrrihizin, 462.5 mg/mL for 5-HMF, 500 mg/mL for ferulic acid and 400 mg/ mL for 6-gingerol.
Preparation of sample solution A 109.7 mg extract of Palmul-tang in 10 mL of water (HPLC grade) was extracted by ultrasonication and filtered through a 0.45 mm syringe membrane filter before injection into the HPLC system for analysis. All solutions were stored at 48C in a refrigerator.
HPLC-DAD analysis
The HPLC instrument (Dionex Ultimate 3000, Germany) was equipped with a model series LPG 3x00 pump, an ACC-3000 auto sampler, a TCC-3000SD column oven and a DAD-3000 (RS) diode array UV/VIS detector. Data analyses and system control were performed by using Dionex Chromelon Chromatography Data System. A UG120 C18 column (5 mm, 4.6 Â 250 mm i.d.; Shiseido Co., Tokyo, Japan) was used for analysis. A binary gradient system was employed for elution, which consisted of 0.1% TFAwater (A) and ACN (B), at a flow rate of 1.0 mL/min and a temperature of 408C. The program was: 0-5 min, 5% B; 5-15 min, 5-15% B; 15-25 min, 15% B; 25-50 min, 15-65% B; 50-60 min, 65% (Table I ). The sample injection volume and detection wavelength were set at 20 mL and 205-330 nm, respectively.
LC -MS-MS conditions
The LC-MS-MS analyses were performed on a TSQ Quantum Ultra Triple Stage Quadrupole Mass Spectrometer (Thermo). (Table II) . The volume of 20 mL was injected onto the system. The ESI interface was operated in the positive mode. The ion spray voltage was set to 3,800 V and the vaporizer temperature was kept at 1028C. The detailed LC-MS-MS conditions are shown in Table II .
Method validation
The HPLC -DAD method was validated for linearity, intra-day and inter-day precision and accuracy. The validation of the method included the following parameters according to the International Conference on Harmonization (ICH) guidelines: linearity, limit of detection (LOD), limit of quantification (LOQ), precision and recovery (12 -14) . The stock solutions containing the 11 components were prepared and diluted with MeOH to a suitable concentration for the construction of calibration curves. The calibration curves were constructed by plotting the peak areas versus the concentration of each analyte. The LODs and LOQs were available by injecting serial dilutions of the corresponding standard solutions, using the signal-to-noise ratios (S/N) of 3 and 10 as criteria, respectively. The precision of the method was determined by calculating the relative standard deviation (RSD) from repeated injections of the standard solution. Intra-day precision was determined by using five replicate injections and inter-day precision was determined from five injections for five days, for both retention times and peak area. RSDs were calibrated by using the formula RSD (%) ¼ (SD/mean) Â 100. Spike recovery was used to evaluate the recovery of the assay. A known amount of individual standards was added into accurately weighed samples and the amount of the analyte was detected during HPLC-DAD analysis.
The robustness of the established method was proven by changing method parameters, including column, injection volume and column temperature, and the resolution values were calculated. Two different columns were used: a Luna C18 (250 Â 4.6 mm i.d., 5 mm) and an XTerra RP18 (250 mm Â 4.6 mm i.d., 5 mm); injection volumes of 10 and 15 mL were used instead of 20 mL; column temperatures of 30 and 358C were used instead of 408C. 
Determination of Palmul-tang samples
The applicability of this approach was confirmed by the successful analysis of 11 major components in Palmul-tang. The determined concentrations of the 11 components in the samples are summarized in Table VIII . The commercial Palmultang samples (PT-B -PT-I) were prepared with concentrations of 2.27, 2.34, 2.34, 2.36, 2.27, 2.37, 1.86 and 1.87 mg/mL, respectively. 
Results
Optimization of HPLC-DAD separation
The selection of the chromatographic conditions was guided by the requirement for obtaining chromatograms with better resolution of the adjacent peaks within a short analysis time. Because of the various ultraviolet (UV) characteristics of the investigated components, different wavelengths were selected, including: 205 nm for ginsenoside Rg3, decursin, decursinol, (Table I) . As shown in Figure 2 , the analytes were accurately separated with good peak symmetry. 
þ in positive ion mode. Satisfactory separation of the analytes was achieved (Figure 4) 
Linearity and limit of detection
Standard stock solutions including the 11 components were prepared and diluted to appropriate concentrations for plotting the calibration curves. It was established that the calibration curves for all analytes showed good linearity [coefficient of correlation (R 2 ) . 0.9992] within the test range. The LOD and LOQ were in the ranges of 0.05 -2.0 and 0.16 -6.24 mg/mL, respectively. All analytes were established to be stable. The detailed descriptions of the regression curves are presented in Table IV .
Precision
The precision was demonstrated as RSD by HPLC-DAD analysis. The intra-day RSDs were less than 2.64% for ginsenoside Rg1, 2.98% for ginsenoside Rg3, 1.12% for decursin, 1.06% for decursinol, 2.34% for glycyrrhizin, 2.06% for albiflorin, 1.55% for 6-gingerol, 1.50% for ferulic acid, 0.92% for 5-HMF, 0.99% for paeoniflorin and 1.07% for nodakenin. The inter-day RSDs were less than 2.35% for ginsenoside Rg1, 1.32% for ginsenoside Rg3, 0.95% for decursin, 1.47% for decursinol, 2.65% for glycyrrhizin, 1.38% for albiflorin, 0.86% for 6-gingerol, 1.22% for ferulic acid, 0.23% for 5-HMF, 1.62% for paeoniflorin and 0.30% for nodakenin (Table V) .
Accuracy
A recovery test was used to evaluate the accuracy of the developed HPLC-DAD method. The results from the determination of accuracy, expressed as the percentage of the analytes recovered by the assay, are listed in 
Robustness
The parameters of the method (column, injection volume and column temperature) were deliberately altered to evaluate the robustness of the developed method. The robustness results showed that the estimated sample concentration and the retention times of peaks did not change significantly. The resolutions of the peaks were higher than 1.5 (Table VII) .
Sample determination
The applicability of this approach was identified by the successful analysis of 11 components in 12 batches of Palmul-tang. The average contents of 5-HMF, albiflorin, paeoniflorin, ferulic acid, nodakenin, ginsenoside Rg1, decursinol, glycyrrhizin, 6-gingerol, ginsenoside Rg3 and decursin from Palmul-tang samples are summarized in Table VIII . The amount of paeoniflorin was the highest and decursin was the lowest among the 11 tested chemicals. The contents of paeoniflorin and glycyrrhizin in PT-A were much higher than other samples. Glycyrrhizin was not detected in PT-C, PT-F or PT-K. In addition, albiflorin and paeoniflorin from Paeoniae radix were also not detected in any PT samples. Almost compounds existed in all samples, but their amounts were lower than the LOD and it was decided to not attempt detection. 
Discussion
The developed HPLC method was validated. The method proved to have good linearity, precision, recovery and robustness, and the validated data demonstrated that this method is consistent and reliable. The established method was successfully applied for the analysis of 5-HMF, albiflorin, paeoniflorin, ferulic acid, nodakenin, ginsenoside Rg1, decursinol, glycyrrhizin, 6-gingerol, ginsenoside Rg3 and decursin from Palmul-tang samples. In sample analysis, the contents of the 11 major compounds that were identified indicated few differences between different samples. The results suggested that the diversity of contents in Palmul-tang is a result of various production processes from herbal medicine companies. The described method is particularly suitable for quality control.
Conclusion
The chromatographic method is predominant in showing the authenticity, quality consistency and stability of herbs, whereas the quantification of several marker components can better reflect the quality of traditional Chinese medicine. This study provided a systematic approach for the quality control of Palmul-tang by HPLC-DAD and LC-MS-MS, including qualitative and quantitative analyses. A previous method (15) has reported the simultaneous determination of seven major components in Palmul-tang (5-HMF, albiflorin, paeoniflorin, liquiritin, ferulic acid, nodakenin and glycyrrhizin) by HPLC-DAD. However, the current method analyzed more components than the previous analysis method. As a result, 11 standard components, including ginsenoside Rg1, ginsenoside Rg3, decursin, decursinol, paeoniflorin, glycyrrihizin, 5-HMF, ferulic acid and 6-gingerol, were successfully separated and identified by comparing retention times, UV and MS spectra with those of accurate components and literature data. The proposed method can be used to improve the quality control of Palmul-tang preparations, thus ensuring the effectiveness and quality of the product. 
